A fundamental property of the brain is its ability to modify its function in response to its own activity. This ability for self-modification depends to a large extent on synaptic plasticity. It is now appreciated that for excitatory synapses, a significant part of synaptic plasticity depends upon changes in the post synaptic response to glutamate released from nerve terminals. Modification of the post synaptic response depends, in turn, on changes in the abundances of AMPA receptors in the post synaptic membrane. In this review, we consider mechanisms of trafficking of AMPA receptors to and from synapses that take place in the early trafficking stages, starting in the endoplasmic reticulum (ER) and continuing into the secretory pathway. We consider mechanisms of AMPA receptor assembly in the ER, highlighting the role of protein synthesis and the selective properties of specific AMPA receptor subunits, as well as regulation of ER exit, including the roles of chaperones and accessory proteins and the incorporation of AMPA receptors into COPII vesicles. We consider these processes in the context of the mechanism of mGluR LTD and discuss a compelling role for the dendritic ER membrane that is found proximal to synapses. The review illustrates the important, yet little studied, contribution of the early stages of AMPA receptor trafficking to synaptic plasticity.
Introduction
One of the most remarkable aspects of the brain is its ability to modify its function in response to its own activity. This capacity makes possible fundamental brain activities, such as learning and memory and is thought to depend upon activity-dependent changes in the excitability of neurons in brain circuits. These activity-dependent changes may take place by a variety of mechanisms, such as Hebbian or homeostatic plasticity, but for excitatory glutamatergic synapses, a major component of regulation has been ascribed to changes in the abundance of glutamate receptors, specifically AMPA receptors, in the postsynaptic membrane (Chater and Goda, 2014) . This recognition has motivated studies of AMPA receptor trafficking at the synapse. Most studies have considered steps that take place proximal to the synapse, including plasma membrane insertion and removal of receptors, receptor association with scaffolding proteins, and receptor recycling through endosomal pools (Greger et al., 2017; Henley and Wilkinson, 2016; Hirling, 2009) . In this review, we consider another equally fundamental, but not extensively considered trafficking step, endoplasmic reticulum (ER) processing and especially exit of receptors from the ER. The contribution of ER trafficking is significant for several reasons. AMPA receptor subunit composition, which strongly influences receptor function, is determined during receptor assembly in the ER, and the ER is also often the site for protein-synthesis-dependent forms of control (Penn and Greger, 2009 ). The ER is a major site of release of Ca 2+ (Berridge, 2002) . The ER is the start site for synaptic trafficking, and the ER membrane is, in some synapses, proximal to the synaptic membrane (Hayashi et al., 2009; Saheki and De Camilli, 2017; Wu et al., 2017) making it a ready source of receptors for synaptic transport. Also, as we shall discuss, specific regulatory mechanisms, in particular mGluR-LTD, are firmly associated with AMPA receptor trafficking from the ER (Pick et al., 2017) .
Recent studies have illustrated different roles for different homotypic and heterotypic AMPA receptors. AMPA receptors comprise a combination of GluA1-GluA4 subunits in a tetrameric conformation. Most AMPA receptors contain the GluA2 subunit, which renders the receptor impermeable to Ca 2+ (Herguedas et al., 2013; Hume et al., 1991) . GluA2 subunits form complexes with either GluA1 or GluA3 subunits to form the receptor tetramer. While inclusion of GluA2 makes the receptor impermeable to Ca 2+ , GluA2-lacking AMPA receptors, such as GluA1 homomers, are Ca 2+ -permeable (Lee, 2012; Man, 2011) .
In organotypic hippocampal slices, GluA1-containing AMPA receptors are thought to be inserted into synapses in an activity-dependent manner, while GluA2/3 AMPA receptors are thought to be constitutively inserted (Shi et al., 2001) . Additionally, GluA2-lacking, Ca 2+ -permeable AMPA receptors traffic under different conditions than GluA2-containing AMPA receptors (Isaac et al., 2007; Passafaro et al., 2001) . While much is known about the rules governing insertion and removal of these various types of AMPA receptors at the plasma membrane, less is known about the origins of the different subtypes of AMPA receptors and the associated intracellular trafficking and regulatory processes. AMPA receptor trafficking plays a crucial role in various forms of synaptic plasticity including long-term depression (LTD). Activation of Group I metabotropic glutamate receptors (mGluRs) induces long-term depression (LTD) via a reduction of synaptic strength (Luscher and Huber, 2010) . A common mechanism of mGluR-LTD is the net reduction of synaptic AMPA receptors. An alternate mechanism of mGluR-LTD, well described in the ventral tegmental area, is an exchange of higher-conducting, Ca 2+ -permeable AMPA receptors with lower-conducting, GluA2-containing, AMPA receptors (Mameli et al., 2007) . This form of mGluR-LTD has been observed in other brain regions as well including the striatum, and cerebellum (Luscher and Huber, 2010) . A recent study examining cultured medium spiny neurons has demonstrated that this mGluR-LTD mechanism involves a novel regulatory step: the exit of GluA2 from the ER induced by the release of Ca 2+ from internal ER stores (Pick et al., 2017) . We will use this model of mGluR-LTD as a means of exploring the dynamics of AMPA receptor assembly, exit from the ER, and trafficking in the early secretory pathway.
Differences between GluA2 and GluA1 exit from the ER
The dependence of synaptic trafficking of AMPA receptors on ER export is not well studied. Differences in ER localization and trafficking dynamics of GluA1 and GluA2 may contribute to the regulation of ER exit of different types of AMPA receptors. In the hippocampus, GluA1 is evenly distributed in the dendritic ER and quickly exits to the plasma membrane (Lu et al., 2014) via association with SAP97 (Sans et al., 2001) . It is inserted into the synapse in a dual-step process, first entering the plasma membrane and then trafficking laterally through the plasma membrane to the synapse (Makino and Malinow, 2009; Passafaro et al., 2001) . One study, also looking at hippocampal neurons, examined plasmid expressed GFP-tagged GluA1, and demonstrated that as GluA1 exits the ER, it traffics via the conventional secretory pathway from the somatic, rather than the dendritic, ER, to the plasma membrane (Jeyifous et al., 2009) where it then moves laterally to the synapse. On the other hand, studies of GluA2 in hippocampal neurons demonstrate that GluA2 accumulates in the ER (Greger et al., 2002) , is found to reside in puncta associated with internal membranes along the dendrite (Perestenko and Henley, 2003) , and may be targeted directly to the synaptic membrane (Beretta et al., 2005; Passafaro et al., 2001) . Cultured hippocampal and medium spiny neurons demonstrate that GluA2 exit from the ER is dependent on Ca 2+ release via IP3 and ryanodine receptors both basally and after mGluR-LTD (Lu et al., 2014; Pick et al., 2017) . While some studies distinguish between ER and surface AMPA receptors based on their sensitivity to Endoglycosidase H (Endo H), it is important to note that several recent studies of pyramidal neurons have identified a pool of surface proteins, including AMPAR receptors, that remain sensitive to Endo H even in the plasma membrane (Bowen et al., 2017; . Nonetheless, the ER exit trafficking behaviors of heteromers of GluA1 and GluA2 have not been extensively studied.
In cerebellar Purkinje cells the dendritic ER can penetrate into spines so as to be proximal to the synapse, and this proximity is required for mGluR-LTD (Miyata et al., 2000) . Indeed, the linker protein, Homer, forms dimers that link cytoplasmic domains of Group 1 mGluRs, which are synaptic, and IP3Rs, which are localized in the ER (Tu et al., 1998) . This suggests that particularly in the cerebellum, two Box 1
GluA1 synaptic trafficking
• GluA1 insertion at the synapse requires neuronal activity and a multi-step process. GluA1 enters the plasma membrane at extrasynaptic sites (Boehm et al., 2006; Makino and Malinow, 2009; Oh et al., 2006) where activity-dependent phosphorylation of serine 845 in the GluA1 CTD by either PKA (cAMP-regulated kinase) (Roche et al., 1996) or cGKII (cGMP-regulated kinase) (Serulle et al., 2007) blocks endocytosis and stabilizes an extrasynaptic GluA1 pool (Ehlers, 2000; Lee et al., 2003; Man et al., 2007) .
• GluA1 subsequently enters the synapse by rapid, random-walk diffusion followed by PKC phosphorylation on serine 818 which gates synaptic entry (Boehm et al., 2006) .
• Dephosphorylation of GluA1 by the Ca 2+ -regulated phosphatase, calcineurin, releases GluA1 to endocytose (Boehm et al., 2006 ).
• GluA1 traffics in a complex with the MAGUK scaffold, SAP97, which in turn binds A Kinase anchoring protein, AKAP-79, which associates with PKA, PKC and calcineurin (Dell'Acqua et al., 2006) . Thus, GluA1 traffics to the synapse associated with the scaffold and enzymes that control its synaptic entry, localization and removal.
GluA2 synaptic trafficking
• GluA2 traffics to synapses previously populated with AMPA receptors in a constitutive and direct manner (Shi et al., 2001 ).
• GluA2 binds through its CTD to the related multi-PDZ synaptic scaffolds, GRIP1 and ABP (Dong et al., 1997; Srivastava et al., 1998) , which bind to other synaptic protein matrix components. GRIP binds to GRASPs (Ye et al., 2007) and ABP to the NPRAP/delta catenin protein, which binds to the intracellular domain of the cadherins cell adhesion molecules (Silverman et al., 2007) , stabilizing GluA2 at the synapse.
• GluA2 also binds PICK1, which binds the activated form of PKC (Dev et al., 1999; Xia et al., 1999) . Because phosphorylation of GluA2 by PKC on serine 880 of the GluA2 CTD releases GluA2 from the GRIP1 and ABP scaffold anchorages (Hanley, 2008; Lu and Ziff, 2005; Perez et al., 2001) , PKC guided by PICK1 to GluA2 could phosphorylate serine 880, initiating GluA2 release from GRIP1/ABP and the synapse.
proteins that participate in the mGluR-LTD mechanism, Group 1 mGluRs and IP3Rs, may be proximal in complexes that bring the ER adjacent to the synapse, making possible release from the ER and immediate synaptic insertion of GluA2 upon mGluR activation. In addition, recent studies of pyramidal neurons have illustrated that some AMPA receptors can bypass the Golgi while trafficking to the plasma membrane (Bowen et al., 2017; . If so, the direct insertion of a GluA2-containing AMPA receptor from the ER to the synapse may be direct and rapid (Fig. 1) . Such positioning could increase the speed, efficiency and selectivity of the mGluR-LTD mechanism.
Protein translation during mGluR-LTD
mGluR-LTD requires new protein synthesis (Huber et al., 2000) . Pick et al. have shown in medium spiny neurons that new translation is required for incorporation of AMPA receptors into COPII vesicles exiting the ER after mGluR activation (Pick et al., 2017) . The identity of the required newly-translated protein(s) is not known, however, GluA2 and/or GluA3 are candidates (Mameli et al., 2007) . Protein synthesis may be required for other steps in mGluR-LTD as well, such as the endocytosis of GluA1. Expression of the ARC protein, which contributes to GluA1 endocytosis, is induced translationally during mGluR-LTD (Wilkerson et al., 2017) , and a number of additional proteins that are induced have been identified in hippocampal neurons, including oligophrenin, which mediates AMPA receptor endocytosis (Di Prisco et al., 2014; Nakano-Kobayashi et al., 2009) .
Regulation of protein synthesis during the early stages of the mGluR-LTD mechanism also involves the fragile X mental retardation protein, FMRP, a multifunctional RNA binding protein that contributes to dendrite genesis, mRNA transport, and control of translation (Ashley Jr. et al., 1993; Maurin et al., 2014) . Group I mGluR stimulation induces FMRP synthesis and degradation (Antar et al., 2004; Bassell and Warren, 2008; Hou et al., 2006; Weiler et al., 1997) . FMRP in turn is thought to function as a negative regulator of translation that, prior to mGluR stimulation, limits the production of one or more proteins that contribute to the mGluR-LTD mechanism. Because FMRP binds to GluA1 and GluA2 mRNA and PSD95 (a synaptic scaffold protein) mRNA (Muddashetty et al., 2007) , FMRP may control translation of AMPA receptor subunits and of PSD95 during mGluR-LTD, perhaps regulating a translational mechanism for GluA2-containing AMPA receptor formation. Another Fragile X Related Protein, FXR1P, has also been reported to bind GluA2 mRNA and to control GluA2 translation in the hippocampus (Cook et al., 2014) . Thus, several different factors involved in mGluR-induced translation may contribute to the subunit composition of AMPA receptors.
The role of AMPA receptor assembly
The dependence of trafficking mechanisms on subunit composition raises the question of how receptor subunit composition is established. The facts that: 1) mGluR-LTD relies on export of GluA2-containing AMPA receptors from the ER, and 2) the ER is the site of assembly of AMPA receptors, suggest that receptor assembly is regulated during mGluR-LTD. Assembly is thought to be a multi-step process involving different subunit domains at each step. AMPA receptor subunits consist of four domains: the amino terminal domain (NTD), the ligand binding domain (LBD), the transmembrane domains (TMD, M1-M4), which form the membrane spanning regions, and the CTD (Greger et al., 2017) . The NTD, at the N terminus, is the first region to be translated. Fig. 1 . The dendritic ER is proximal to the plasma membrane due to Homer dimers that link mGluRs at the spines with IP3Rs in the ER. This could enable the insertion of a population of GluA2/3 AMPA receptors directly into the synapse especially upon stimulation of mGluR-LTD. GluA1 homomers are assembled away from the synapse at the somatic ER and inserted into the plasma membrane where they subsequently traffic into the synapse.
The NTDs have nanomolar affinity for one another (Rossmann et al., 2011) , and the interaction of the NTD of one monomer with the NTD of another monomer initiates dimer assembly (Ayalon and Stern-Bach, 2001; Herguedas et al., 2013) . It has been suggested that dimerization occurs as these nascent subunit chains emerge from the polysome (while the remainder is still translating and folding) (Greger et al., 2017) . The next step in the assembly involves the LBDs of the two subunits interacting in a transient cis conformation. Two dimers then interact to form unstable proto-tetramers (reviewed by Gan et al., 2015) , in which monomers continue to interact with their cis partner. Following this, the M4 region of one subunit is proposed to wrap around M1-M3 regions of the adjacent subunit to stabilize the tetramer. At the same time, the cis interactions of the LBDs of dimers of the prototetramer rearrange to form a trans LBD conformation. Thus, the LBDs most likely make their final association during tetramerization, as a result of the domain swap (Gan et al., 2015; Greger et al., 2017; Herguedas et al., 2013) .
The NTD interactions are subunit-specific and could favor assembly of particular hetero-tetramers (Herguedas et al., 2013; Rossmann et al., 2011) . The availability of a heteromeric partner, determined by rate of synthesis, protein folding and local distribution including rates of diffusion in the ER membrane, are also factors in the assembly of specific, functional AMPA receptors (Greger et al., 2017) .
The mGluR-LTD mechanism in medium spiny neurons promotes the export of GluA2-containing AMPA receptors from the ER, and although not fully established, the receptors that traffic from the ER may lack GluR1, suggesting that they are GluA2/3 heteromers (Pick et al., 2017) . GluA2 homomers are not thought to be present in physiological conditions in any cell type (Lu et al., 2009 ). Thus, any assembly step for a GluA2-containing receptor that contributes to mGluR-LTD likely involves GluA3. In these GluA2/3 heteromers, the GluA2 could come from several sources. The GluA2 could be drawn from the substantial pre-existing, basal-state pool of monomeric and dimeric GluA2 found in the ER (Greger et al., 2002) . It was proposed that the presence of this population ensured that GluA2 was incorporated into the vast majority of newly formed heterotetramers (Greger et al., 2002) . Alternatively, newly translated GluA2 could be incorporated into the tetramers, putative GluA2/3 heteromers, that traffic synaptically upon stimulation of mGluRs.
Chaperones interacting with AMPA receptors
Upon translation, membrane protein polypeptides are inserted into the ER where they interact with protein chaperones that assist secondary folding and facilitate assembly of larger complexes (Hebert and Molinari, 2007) . Two well-characterized chaperones, BiP and calnexin, are involved in the early processing of AMPA receptors. In hippocampal neurons, BiP and calnexin co-precipitate and co-localize with AMPA receptor subunits throughout the neuron (Rubio and Wenthold, 1999) . This co-localization is observed in proximal and distal dendrites, including puncta thought to be spines, which supports the notion of local protein synthesis of AMPA receptors (Rubio and Wenthold, 1999) . Only a subpopulation of AMPA receptors is associated with BiP and calnexin (Fukata et al., 2005; Rubio and Wenthold, 1999) , likely indicating that BiP and calnexin bind to an immature form of AMPA receptor subunits during receptor assembly (Fukata et al., 2005) . It is possible that the binding of these chaperones is responsible for maintaining the pool of immature GluA2 in the ER (Greger et al., 2002) , thus regulating the assembly and ER exit of GluA2-containing AMPA receptors. Additional proteins that associate transiently and selectively with AMPA receptors in the ER and that are likely to act in an early step in AMPA receptor biogenesis, FRRS1l and CPT1c, have been recently reported (Sivalingam and Kumar, 2015) .
In addition to its role as an ER chaperone, there is evidence from studies of cerebellar granule neurons that BiP, which regulates ER exit of many proteins, can play a role in AMPA receptor exit from the ER.
The unfolded protein response (UPR) is known to increase BiP levels. This increase in BiP correlates with increased surface levels of GluA1 (Vandenberghe et al., 2005) , suggesting that ER chaperones may play additional roles in regulating AMPA receptor exit from the ER.
Regulation of GluA2 ER exit and COPII association
Newly assembled proteins in the ER accumulate at ER exit sites (ERES). Here, proteins are loaded into COPII vesicles, which transport the proteins out of the ER (Budnik and Stephens, 2009) . During export, a series of proteins is sequentially recruited to ER exit sites to drive the formation of COPII vesicles (D'Arcangelo et al., 2013) . Activation of the GTPase, Sar1, leads to the insertion of its N-terminal amphipathic helix into the ER membrane, deforming it. This deformation sequentially recruits the Sec23/Sec24 pre-budding complex followed by the Sec13/ Sec31 complex to the deformed membrane imposing curvature and ultimately fission of the vesicle from the ER. Two characteristic features of ERES that enable COPII vesicle generation are the presence of Sec16 and an enrichment of acidic lipids, in particular phosphatidylinositol 4-phosphate (PI4P) (Blumental-Perry et al., 2006; Farhan et al., 2008; Klinkenberg et al., 2014) . Evidence of GluA2 accumulation in the ER (Greger et al., 2002) and interaction with COPII proteins, specifically Sec23 (Pick et al., 2017) suggest that AMPA receptors traffic via the COPII secretory pathway. Nonetheless, little is known about AMPA receptor accumulation at the ERES and interaction with COPII vesicles.
Several proteins known to play a role in AMPA receptor trafficking such as cornichons, TARPs, and PICK1, also interact with negatively charged membranes including phosphatidylinositols (PIPs) that are enriched at ERES (Jin et al., 2006; Sumioka et al., 2010) . These proteins could mediate the interaction between AMPA receptors and COPII vesicles, regulating their exit from the ER (Fig. 2) .
Cornichons are a group of AMPA receptor-interacting proteins that are involved in AMPA receptor trafficking (Brockie et al., 2013; Harmel et al., 2012; Schwenk et al., 2009) . They can also act as cargo adaptors to bring cargo proteins into COPII vesicles. For instance, the yeast homologue of the cornichon family, erv14, binds to both cargo (yor-1) and a protein in the COPII vesicle (Sec24) (Pagant et al., 2015) . In addition, cornichons act as cargo receptors for TGF-alpha proteins (Bokel et al., 2006; Castro et al., 2007) . In C. elegans, cornichons negatively regulate AMPA receptor exit from the ER, and eliminating cornichons increases the number of surface AMPA receptors (Brockie et al., 2013) . Cornichons are found in the ER and shuttle cargo from the ER to the Golgi, and AMPA receptor binding to cornichons enables surface expression of cornichons (Brockie et al., 2013; Harmel et al., 2012) . This evidence suggests that cornichons play a role in ER exit of AMPA receptors, though the precise role is not well understood.
Another group of auxiliary proteins that may contribute to AMPA receptor accumulation at the ERES is the TARPs (Transmembrane AMPA receptor Regulating Proteins). One well-studied TARP is stargazin, which contributes to AMPA receptor exit from the ER (Tomita et al., 2003) . Stargazin knockout mice have reduced AMPA receptor surface expression in the cerebellum and increased accumulation in the ER compared with heterozygous mice, suggesting that stargazin contributes to the ER exit of AMPA receptors (Tomita et al., 2003) . Moreover, in cerebellar granule cells, activation of the UPR compensates for the absence of stargazin in stargazin knockout mice, which promotes ER exit of AMPA receptors (Vandenberghe et al., 2005) . In fact, UPR induction itself increases the number of COPII sites facilitating ER exit (Farhan et al., 2008) . Interestingly, in cerebellar granule cells, the stargazin C-terminus binds to PIPs (Sumioka et al., 2010) . These studies suggest a role for stargazin in AMPA receptor delivery to ERES.
A third GluA2-interacting protein is the PDZ domain-containing protein, PICK1. PICK1 dimerizes though a coiled-coil structure formed by a BAR domain, and it possesses Ca 2+ binding sites (Hanley, 2008) .
The BAR domain dimer associates with curved membranes, and it can also induce membrane curvature upon membrane binding (Peter et al., 2004) . In hippocampal neurons, PICK1 is also known to interact with PIP sites (Jin et al., 2006) and play a role in ER exit (Greger et al., 2002; Lu et al., 2014) . Finally, PICK1-GluA2 interactions are involved in constitutive exit from the ER via RAB39B (Mignogna et al., 2015) . These studies suggest a significant role for several proteins in delivering AMPA receptors to ERES and COPII vesicles. Further studies are required to understand the precise function and conditions that each of these proteins play in AMPA receptor exit from the ER.
Dendritic ER in plasticity and activity
While conventional protein entry into the early secretory pathway occurs in the somatic ER, an extensive network of ER tubules and sheets in dendrites and spines suggests secretory trafficking in dendrites (CuiWang et al., 2012; Hanus and Ehlers, 2016) . In hippocampal neurons both ERES and COPII subunits have been detected at proximal and distal dendritic sites, and many of these sites are stable over time (Aridor et al., 2004) . Dendritic branch points and spines have a complex network of ER, ribosomes, and ERES that regulates protein mobility (Cui-Wang et al., 2012) . This enables neurons to modulate aspects of the dendritic arbor with speed and specificity.
The dendritic ER has an important role in mGluR-LTD. mGluR-LTD in hippocampal neurons leads to increased ER exit of NMDARs in dendrites (Aridor et al., 2004) and enhances the complexity of the ER near spines (Cui-Wang et al., 2012). Also in hippocampal neurons, mGluR-LTD leads to the release of ER Ca 2+ through IP3 receptors, and spines containing ER protrusions undergo mGluR-LTD (Holbro et al., 2009) . While in cerebellar Purkinje cells, preventing the dendritic ER from extending into spines blocks the induction of mGluR-LTD (Miyata et al., 2000) . These studies indicate a role for the ER in spines, and Ca
2+
release from that ER is required for mGluR-LTD, however the function of this Ca 2+ release is not clear.
Recent work from both hippocampal and medium spiny neurons suggests that ER Ca 2+ release triggers a signaling cascade that mediates the exit of GluA2 from the ER (Lu et al., 2014; Pick et al., 2017) . Upon mGluR-LTD induction, inhibiting ER Ca 2+ release in medium spiny neurons prevents GluA2-containing COPII vesicles from exiting the ER and the appearance of GluA2 at the plasma membrane. This block of ER Ca 2+ does not prevent the interaction between GluA2 and the COPII protein, Sec23, suggesting that the role for Ca 2+ release in mGluR-LTD is subsequent to the GluA2-Sec23 interaction (Pick et al., 2017) . In related studies in pyramidal neurons, the basal rate of export of GluA2 from the ER was diminished by mutations of the GluA2 CTD that selectively blocked binding of PICK1 (Greger et al., 2002; Lu et al., 2014) . Studies of the basal transport of GluA2 from the ER in hippocampal neurons showed that ER export depends on the Ca 2+ regulated kinase, CaMKII (Lu et al., 2014) . Furthermore, PICK1 forms a complex with the activated form of CaMKII (Lu et al., 2014) . This suggests that Ca 2+ release from the ER may activate CaMKII, enabling it to bind to PICK1, a step that could target CaMKII to GluA2 in GluA2-PICK1 complexes. This signaling cascade may contribute to GluA2 exit from the ER under mGluR-LTD. 
Conclusion
While much is known about AMPA receptor insertion and removal at the plasma membrane, the dynamics underlying AMPA receptor trafficking in the ER are under-appreciated. Several different steps regulate AMPA receptor assembly and trafficking in the early secretory pathway which have a direct effect on synaptic AMPA receptor expression and plasticity. These early processes have been implicated in various mental illnesses including impaired mental cognition (Mignogna et al., 2015) and Parkinson's (Cho et al., 2014) . In addition, cue-induced cocaine craving results from insertion of Ca 2+ permeable AMPA receptors at synapses of the nucleus accumbens, following withdrawal from cocaine self-administration (Conrad et al., 2008) . Because Type 1 mGluR stimulation reverses this accumulation (McCutcheon et al., 2011) , driven by events in AMPA receptor trafficking from the ER as reviewed here, enhancement of ER trafficking of GluA2 to replace synaptic GluA1 may be a basis for therapeutic intervention for cocaine addiction. Understanding these regulatory steps will be crucial to developing new therapeutic targets. Furthermore, important distinctions between different types of AMPA receptors are emerging and need to be better understood.
